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1. Warming Arctic 
 • Longer ice free period 
• Milder temerperatures and 
increased productivity 
• Northward range shifts = 
”borealisation” of high 
latitudes 
 
1. Warming Arctic 
 Consequences? 
 
• tipping points & regime shifts 
• trophic disruption 
• ecological + economic 
consequences  
Increased shipping routes & vectors 
for invasive species 
  
Marine	  vector	  network	  analysis	  
Similarity	  of	  environmental	  condi1ons	  	  (temperature,	  salinity)	  of	  ports	  
connected	  to	  Svalbard	  through	  present	  shipping	  network	  
Ware et al, Diversity & Distributions 2014 
Wisz, Broennimann, et al.  Nature Climate Change 2015 
TWO DISTINCT SPECIES POOLS 
2. Historical legacy  
 
http://sahultime.monash.edu.au/explore.html 
Ca. 25000 
years ago 
•  Bering Strait opened 
and closed many 
times over the past 3 
million years 
•  NW Passage was the 
major ”highway” in 
the past 
 
 
 
•  Both NW Passage and 
NE Passage were used 
historically 
 
 
 
IPCC 2013 
Genetics and evolutionary 
relationships among fish: 
Paleobiology 
Prof. G. Vermeij  
2. Historical legacy  
 
Summer 2010 
Atlantic and Pacific 
bowhead whales meet 
in the NW Passage 
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 53,000 tons of mackerel, 
Greenland 2013 
Bluefin tuna, Greenland 2014 
Forecasting??? Interchange? 
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3. Recent high latitude patterns 
 
 
4. Tools for understanding and prediction 
 
Wisz et al. 2013 Biological 
Reviews 
Quantifying 
relationships? 
Ecological community: here and now 
26 August 2015 © DHI 
Monitoring & biodiversity 
E-genomics 
Integrative Modelling 
•  Combine information & modelling tools 
together across scales and disciplines 
•  Dynamic & 3-D spatially explicit  
•  Habitat, behaviour, populations, 
feedbacks, ecosystems  
•  Past, present and future 
•  Evidence based advice & curiosity driven 
questions 
•  Always work in progress 
•  Highly collaborative  
Experiments 
Populations 
Pressures Pressures 
Food Webs 
Metocean 

5. Example: Arctic fish interchange? 
 
Predict fish distributions 
• Pool: All species above 50o N  
• Fishbase/OBIS minimum of 50 records (50 km resolution) 
• Oceanographic scenarios: EC-EARTH and IPSL RCP8.5 & 
RCP4.5  1948-2100  
• sea surface temperature, spring temperature, bottom 
temperature, salinity, bathymetry, currents  
• Ensemble forecasting 520 spp. 
• Predict to 5 year intervals 2015-2100 
• Over 7000 predictions per species  
Photos GN Archive and Henrik 
Lund 
Cod, wolf fish and yellowfin sole maps 
MacKenzie et al 2014 
Predicted species richness 
Increased diversity 
POTENTIAL FOR INTERCHANGE 
Wisz, Broennimann et al. Nature Climate Change 2015 
ACCELERATION 
ARCTIC INTERCHANGE 
• Fish interchange via both passages during this century 
• Continuous increase in new biotic interactions 
• New challenges for fisheries 
• Next steps: 
• Further validation & quantification of uncertainties 
• Connectivity and realistic dispersal, also via 
shipping   
• Functional traits: e.g. which kinds of species 
overlap in future? 
• Population level?  
e.g. cod in Greenland 
6. Where to from here? 
•  Enhanced ecosystem knowlege and 
models: 
– Improved access to ecossytem 
monitoring data (e.g. physical & 
biological data, feedbacks) around 
the Arctic, especially the gateways 
– Further integration of tools and 
disciplines 
– Prediction of new biotic 
interactions- trait based methods 
– GEMs? e.g. Madingley Model? 
 
 
6. Where to from here? 
• Consider complex interactions with 
the social sphere 
– Understand interactions between 
foodwebs, climate, expanding 
shipping networks , fisheries, 
invasive species, etc.  
– Future scenarios of shipping 
networks? Arctic and beyond 
– Address challenges in fisheries 
– Collaborators welcome! 
 
 
 
What’s on board? 
What survives? 
Suitable habitat? 
Ballast water & shipping? 
Ware et al. 2014, 
Diversity and 
Distributions 
Ware et al. In review 
Thank you!  
Egevang Arc/Pic 
Coauthors: O. Broennimann,  P. 
Grønkjær,   P.R. Møller, R. 
Hedeholm,  S.M. Olsen, D. 
Swingedouw,  E.E. Nielsen, A. 
Guisan, L. Pellissier  
High latitude Ocean circulation 
Marine	  vector	  network	  analysis	  results	  
•  Based	  on	  our	  future	  scenarios,	  Svalbard	  will	  become	  increasingly	  
vulnerable	  to	  marine	  NIS	  establishment.	  
•  One	  third	  of	  ports	  in	  the	  present	  Svalbard	  shipping	  network	  will	  
increase	  in	  environmental	  similarity	  to	  Svalbard.	  
•  Research	  and	  fishing	  vessels	  pose	  the	  highest	  risk	  of	  NIS	  
introduc1on	  through	  biofouling	  
•  Ballast	  water	  discharge	  is	  es1mated	  to	  pose	  an	  increased	  risk	  by	  
the	  end	  of	  the	  century.	  
	  
	  
